Gastric cancer is one of the most common cancers. Molecular events in the carcinogenesis of gastric cancer remain, however, largely undefined. We investigated changes in DNA copy number in 102 gastric cancers by CGH. We found changes in DNA copy number in all cases, with frequent (^30% of patients) gains at 20q, 8q, 20p, 7q, 17q, 5p, and 13q. Frequent (^20%) losses were found at 19p, 18q, 5q, 21q, 4p, 4q, 15q, and 17p. The mean number of total alterations was significantly lower in grade 3 and scirrhous-type carcinomas (10.81 in grade 3 vs 13.98 in grade 1 and grade 2, 9.31 in scirrhous-type vs 13.18 in medullary-and intermediate-type). The mean number of losses and total alterations were higher in tumors at pT2, pT3 and pT4 (4.68 and 12.77 in pT2, pT3, and pT4 vs 2.55 and 9.22 in pT1). The mean number of losses was higher in carcinomas with lymph node metastasis (4.83). The mean number of gains and total alterations were higher in carcinomas with venous invasion (8.44 and 13.28). Several chromosomal alterations were linked in a statistically significant manner to specific clinicopathological parameters. Gain of 17q, 20p, and 20q and loss of 4p were associated with the pattern of the cancer-stroma relationship; loss of 18q was associated with pT category; gain of 5p was associated with pN category; loss of 4q and loss of 21q were associated with lymphatic invasion; gain of 7p and loss of 4q and 18q were associated with venous invasion; and loss of 18q was associated with pathological stage. These data suggest that gain of 20q and loss of 18q might play an important role in the development and progression of gastric cancer. Moreover, some genes on 20q and 18q might be target genes of gastric cancer.
Gastric cancer is one of the most common cancers worldwide and is the second most common cause of cancer-related death. 1 Gastric cancer has generally been resistant to chemotherapy, but effective antineoplastic drugs are now being developed in parallel with advances in cytogenetics. However, treatment of gastric cancer at advanced stages remains difficult and the prognosis is still poor, as a consequence of local recurrence and/or metastasis. The overall relative 5-year survival rate is currently less than 20%.
Molecular events in the carcinogenesis of gastric cancer remain largely unknown. Carcinogenesis, including the development of gastric cancer, is widely regarded as a multistep process involving, for example, the accumulation of genetic alterations in cellular oncogenes, tumor-suppressor genes, regulators of the cell cycle and DNA-repair genes.
Recently available genomic technologies and approaches enable us to accumulate genetic information at a rapid pace. The chromosome localization of about 26 000 genes in the human genome have already been mapped accurately. 2 The expression or amplification of various genes, for example, genes for p53, 3 p27, 4 smad4, 5 c-met, 6 ,7 c-erbB2, 8, 9 c-myc, l-myc, 10 ,11 K-sam, 12 E-cadherin, 13 b-catenin, 13 VEGF, 14 and FHIT 15 and mutations in the genes for TP53, 16 APC, 17 K-ras 18, 19 and E-cadherin 20 have been associated with gastric carcinogenesis. There also have been reports of loss of heterozygosity (LOH) on chromosomes 1p, 2q, 3p, 4p, 5q, 7q, 8p, 9p, 11q, 13q, 14q, 17p, and 18q, suggesting a relationship between carcinogenesis and potential tumor suppressor genes. [21] [22] [23] There is also a report of alterations in microsatellite DNA and other mutations in target genes in gastric cancers. 24 Comparative genomic hybridization (CGH), described first by Kallioniemi et al, 25 allows the detection of genetic amplifications and deletions in each chromosome in tumor cells. In a previous report, we described chromosomal alterations in squamous cell carcinomas of the esophagus 26 and lung. 27 We concluded that gain of a region of 3q might play an important role in the development and progression in human squamous cell carcinoma. Similarly, many chromosomal alterations have been identified by CGH in gastric cancer, but there are significant discrepancies among the reported results. In several studies, frequent chromosomal alterations, namely, gains on 1p, 6p, 7q, 8q, 11q, 16p, 17q, 20q, and 22q, and deletions on 3p, 4q, 5q, 9p, 16q, 17p, 18q, and 19p were observed in gastric cancer. [28] [29] [30] [31] [32] [33] [34] [35] Recently, microarray technologies have emerged as key tools for the expression analysis of gene and genes expressed in gastric cancers have been examined using cDNA microarray technique. 36 In the present study, to identify regions of the genome that might be involved in the oncogenesis of gastric cancers, we made an extensive study of chromosomal alterations in such cancers by CGH. In addition, we examined the association between chromosomal alterations and clinicopathologic parameters in patients with gastric cancer. The number of patients that we analyzed in this study, 102, is the largest in all studies reported to date.
Materials and methods

Tissues Specimens and DNA Extraction
Samples of tumor tissues were obtained, with informed consent, from 102 patients with gastric cancer who underwent surgical resection of their tumors at the 2nd Department of Surgery 2 of Oita University Hospital, Oita, Japan, between 1998 and 2003. The patients, 74 men and 28 women, age ranged from 37 to 89 years (mean age, 68.4 years). None of the patients had received chemotherapy or radiotherapy before surgery. Samples of tumors were collected immediately after surgical resection, frozen in liquid nitrogen and stored at À801C prior to extraction of DNA. DNA was isolated by digestion with proteinase K (2 mg/ml) followed by phenolchloroform extraction according to standard protocols using a DNA extraction kit (Qiagen). The histopathological grade and stage of each tumor were classified according to the TNM classification of the International Union against Cancer. 37 Other histological features (cancer-stroma relationship, lymphatic invasion, and venous invasion) were classified according to the Japanese Classification of Gastric Carcinoma. 38 The results for the cancerstroma relationship were as follows: med (medullary-type), 24 
Comparative Genomic Hybridization
We performed CGH using DNA that was labeled with fluorescent dUTP, as described previously with minor modifications. In brief, DNA isolated from each tumor was labeled with Spectrum Green dUTP (Vysis, Inc), and reference DNA from blood leukocytes of healthy donors was labeled with Spectrum Red dUTP (Vysis, Inc) by nick translation. The nicktranslation reaction was stopped by heating at 701C for 15 min. The lengths of fragments used as probes ranged from approximately 300 to 3000 base pairs (bp). Lengths were confirmed by electrophoresis on a nondenaturing agarose gel. The hybridization mixture was prepared by mixing 200-400 ng of Spectrum Green-labeled tumor DNA, 200-400 ng of Spectrum Red-labeled reference DNA, 20 mg of human Cot-1 DNA (Vysis, Inc.), 0.1 vol of 3 M sodium acetate and 2.5 vol of 100% ethanol. DNA from tumors from males were always mixed with male reference DNA, and that of tumors from females was always mixed with female reference DNA. Samples were mixed briefly on a vortex mixer and then placed at À801C for 15 min. The DNA in the mixture was then pelleted by centrifugation at 14 000 rpm for 30 min at 41C. The supernatant was decanted and the pellet was air-dried. The DNA in the pellet was then dissolved in 10 ml of hybridization buffer (50% formamide, 10% dextran sulfate, 2 Â SSC, pH 7.0), incubated at 371C for 30 min, and denatured by incubation of 751C for 5 min. Reference slides of normal metaphase spreads (Vysis, Inc) were incubated, to denature the DNA, at 731C in 70% deionized formamide and 2 Â SSC (pH 7.0) for 2.5 min and then dehydrated through a graded ethanol series (70, 90 , and 100% ethanol). The hybridization mixture, including the probe, was immediately applied to one of the above-mentioned normal metaphase spreads. A coverslip was placed over the spread and sealed with rubber cement.
Then the slide was placed in a sealed moist hybridization chamber in an incubator and incubated at 371C for 3-5 days. After hybridization, each slide was subjected to four 12-min washes in 50% formamide in 2 Â SSC (pH 7.0) at 451C, which were followed by two 10-min washes in 2 Â SSC at 451C, one 10-min wash in 2 Â SSC at room temperature, and two 5-min washes in distilled water at room temperature. Samples were counterstained with 4 0 ,6-diamino-2-phenylindole (DAPI; Vysis, Inc.) in antifade solution.
Image Acquisition and Analysis
Three single-color images (due to the fluorescence of DAPI, Spectrum Green and Spectrum Red, respectively) were collected from each metaphase spread under an epifluorescence microscope (Olympus, Tokyo), with a 12-bit cooled charge-coupled device (CCD) camera; and a power Gene/G3-SS 1400 system (Perceptive Scientific International, PSI), and analyzed using a digital image analysis system, The Power Gene, Mac Probe (PSI). The DAPI image was used for identification of chromosomes. The fluorescence from Spectrum Green and Spectrum Red, which was specific for the tumor and the reference genome, respectively, was used to compute fluorescence ratio images and ratio profiles. For each tumor, we analyzed an average of 13 metaphases for each chromosome, including only those metaphase spreads with high-intensity hybridization and low granularity. We evaluated the corresponding ratio profiles provided that the 95% confidence limits did not exceed 0.15. To define the chromosomal regions with losses and gains of DNA, we used a 50% threshold (upper, 1.25; lower, 0.75).
Statistical Analysis
We examined associations between aberrations revealed by CGH and clinicopathologic factors by Student's t-test, the w 2 -test and Fisher's probability test. Statistical significance was recognized when values of P were less than 0.05.
Results
We analyzed the DNA from 102 primary gastric cancers by CGH and we detected changes in the copy number of DNA sequences in all of them. The mean number of total changes in copy number was 12.5 (range, . The mean number of gains in DNA copy number was 8.0 (range, 1-18) and the mean number of losses was 4.5 (range, 1-13). An overview of the genetic changes in the 102 gastric cancers is shown in Figure 1 . Frequent (^30% of patients) gains were found at 20q (70%), 8q (56%), 20p (47%), 7q (33%), 17q (33%), 5p (32%), and 13q (30%). Frequent (^20% of patients) losses were found at 19p (40%), 18q (39%), 5q (27%), 21q (26%), 4p (23%), 4q (23%), 15q (21%), and 17p (21%) in more than 20% of tumors, as shown schematically in Figure 2 . In particular, gain of 21q (0%) and loss of 8q (0%), 11p (0%), and 20p (0%) were not detected in any of the tumors examined. However, there was no chromosomal region in which either a gain or a loss was not detected.
Associations between the number of chromosomal alterations and clinicopathologic factors are shown in Table 1 . The mean number of total (gain and loss) chromosomal alterations was significantly lower in grade 3 carcinomas and scirrhous-type carcinomas (10.8175.12 and 9.3175.10) than in grade 1 and grade 2 carcinomas and in medullary-and intermediate-type carcinomas (13.9875.22 and 13.1875.22; P ¼ 0.002 and 0.004). The mean numbers of losses and total chromosomal alterations were higher in pT2, pT3, and pT4 tumors (4.6873.03 and 12.7775.41; P ¼ 0.04 and 0.05). The mean number of losses was higher in carcinomas with lymph node metastasis (4.8373.02). The mean numbers of gains and total chromosomal alterations were higher in carcinomas with venous invasion (8.4473. 42 and 13.2875.18) . Associations between the total number of chromosomal alterations and clinicopathologic factors (grade, pT, and stage) are shown in Table 2 . The mean number of total chromosomal alterations decreased with histological severity, from grade 1 to grade 2 and grade 3. The mean number of total chromosomal alterations was lowest in pT1 tumors and in tumors at stage I(9.2274.11 and 8.7574.13).
We analyzed possible associations between clinicopathologic parameters and each chromosomal change (gain and loss). Several chromosomal alterations were associated in a statistically significant manner with specific clinicopathological parameters (Po0.05), as shown in Table 3 . Gain of 17q, of 20p, and of 20q and loss of 4p were associated with the pattern of the cancer-stroma relationship; loss of 18q was associated with pT category; gain of 5p was associated with pN category, loss of 4q and of 21q was associated with lymphatic invasion; gain of 7p and loss of 4q and of 18q were associated with venous invasion; and loss of 18q was correlated with pathological stage.
Discussion
We analyzed the chromosomal alterations in 102 primary gastric cancers from patients who had not received any preoperative treatment, such as chemotherapy or irradiation.
In the present study, frequent gains (^30% of patients) were detected at 20q, 8q, 20p, 7q, 17q, 5p, 13q by CGH. Previous CGH studies of gastric cancers yielded similar results. Moreover, several CGH studies identified the 20q region as the most frequent site of gain of DNA in gastric [29] [30] [31] [32] 34, 35, 39 Amplification at 20q has been reported in several cancers, such as colon cancer, 40 pancreatic cancer, 41, 42 lung adenocarcinoma, 43 ovarian carcinoma, 44 and osteosarcoma. 45 In our study, gain of 20q was detected in 71 cases (70%) and was associated with the pattern of the cancer-stroma 51 and CYP24 (20q13.2). 52 Amplification and overexpression of the BTAK gene, which encodes breast tumor-amplified kinase (identical to aurora2, ARK1 and STK15), have been reported in primary gastric adenocarcinomas that were associated with aneuploidy and poor prognosis. 47 Moreover, amplification and overexpression of the AIB1 (amplified in breast cancer 1) gene, a member of the steroid receptor coactivator family, appears to be useful as a marker of poor prognosis in gastric cancer. 49 Recently, it was reported that TOP1, TFAP2C and NCOA3 (AIB1) might be prognostic indicators in breast cancer. 50 The NCOA3 gene encodes a coactivator of steroid receptor that interacts with estrogen receptors to enhance ligand-dependent transcription. The TOP1 gene encodes topoisomerase 1, a nuclear enzyme that catalyzes single-strand breakage and rejoining of DNA, allowing the relaxation of supercoiled DNA during transcription and DNA replication. The TFAP2C gene encodes a member of the activating enhancer-binding protein-2 (AP-2) family of transcription factors. It was also been reported that the ZNF217 gene, which encodes a transcription factor, and the CYP24 gene, for a suppressor of the active form of vitamin D that inhibits cell growth, at 20q13.2 might be relevant to gastric carcinogenesis. 52 Thus, expressions of these genes at 20q12-13 are likely regulated not only by amplifications of these genes but also by other mechanisms such as transcriptional activation, and expressions of these genes might play an important role in the development and progression of gastric cancers.
Genetic alterations in gastric cancer
A gain in DNA copy number at 8q was the second most frequent gain, but it was not associated with clinicopathologic factors in our series. Amplification at 8q has been reported in several cancers, such as pancreatic cancer, 42 osteosarcoma, 45 and colorectal cancer. 40 The genes at 8q (8q-23-24) include the c-myc, EIF3S3 and PRL-3 genes. Amplification and polymorphism of the c-myc gene has been reported in gastric cancer. 10, 11 Amplification of the EIF3S3 gene has been reported as a marker of tumor progression and poor prognosis in prostate cancer. 53 The EIF3S3 gene encodes the p40 subunit of eukaryotic translation initiation factor 3. 54 In Addition, the PRL-3 gene has recently been demonstrated to be associated with metastasis of colorectal cancer. 55 Unfortunately, we were unable to detect any correlation between these changes and clinicopathologic factors. However, the c-myc, EIF3S3, and PRL-3 genes might be relevant to the development and progression of gastric cancer.
A gain in DNA copy number at 20p was the third most frequent gain (47%) and was associated with the pattern of tumor expansion. Several CGH studies have identified 20p as a region with frequent gains in copy number in gastric cancer. 28, 33 The PCNA genes at 20p (20p12) encodes proliferating cell nuclear antigen, which is expressed in advanced gastric cancers with poor prognosis. 56 We considered that some strange genes exist on 20p, further research on 20p may prove fruitful.
In our study, we detected gains in DNA copy number at 7q and 17q in 34 cases (33%). Gain at 7q was not associated with clinicopathologic factors in our series. Expression of the c-met gene, which is located at 7q31, is associated with clinical stage and/or prognosis in gastric cancer. 6, 7, 57 Furthermore, amplification of 7q21 is associated with expression of the HGF gene, which encodes hepatocyte growth factor. Serum levels of HGF were reported to correlate with the aggressiveness of gastric carcinomas. 58 Gain at 17q was associated with clinicopathologic factor (the pattern of the cancer-stroma relationship), as was the case for gain at 20q. Strong amplification of the region 17q12-21 was reported in the intestinal type of gastric cancer. 59 Amplification and/or overexpression of some genes on chromosome 17q21.1, such as ERBB-2 (HER2/ neu) 8, 9, 60, 61 and TOP2A (for topoisomerase IIa), 62 have been reported in gastric cancer and breast cancer, and might represent prognostic factors.
Recently, an antineoplastic drug that targets the HER2 gene has been used to treat breast cancer and there are reports of overexpression of the HER2/neu gene in gastric cancer. 61 Therefore, the same antineoplastic drug might be useful for the treatment of gastric cancer. It has also been reported that gain at 17q is a powerful prognostic factor and a candidate gene on 17q23 is PPM1D, whose expression is associated with prognosis in neuroblastoma. 63 Strong amplification of the 17q22-23 regions has been detected in breast cancer, 64 and the amplified genes include RCH1, PAT1, PS6K, APPBP2, and MUL genes. 64, 65 In our study, gains at 17q were associated with the patterns of tumor infiltration and expansion. As noted above, genes on 17q might be associated with tumor progression.
Overexpressions and/or amplifications of genes on 20q, 8q, 20p, 7q, and 17q were associated with clinicopathological factors, and this result indicates that 20q, 8q, 20p, 7q, and 17q may harbor putative oncogenes that play an important role in gastric cancer pathogenesis.
There also have been reports of loss of heterozygosity (LOH) on 1p, 2q, 3p, 4p, 5q, 7q, 8p, 9p, 11q, 13q, 14q, 17p, 18q, and 21q, suggesting an association between potential tumor suppressor genes and the development and progression of gastric cancers. [22] [23] [24] In our study, the most common losses were found at 19p and 18q, and the mean numbers of losses and of total chromosomal alterations were higher in pT2, pT3, and pT4 tumors (4.68 and 12.77; P ¼ 0.04 and 0.05) and the mean number of losses of DNA was higher in carcinomas with lymph node metastasis (4.83), as shown in Table 1 . Deletion of 19p has been reported in gastric cancer, and chromosome 19p might include tumor suppressor genes that play an important role in the development and progression in gastric cancers. 39 Recently, the gene for antizyme (OAZ1), a negative regulator of cellular polymines, is mapped to 19p13.3, where frequent allelic imbalance is observed in ovarian cancer. But it was reported that one or more tumor suppressor genes other than OAZ1 gene exist on 19p13.3. 66 It has also been reported that inactivation of LKB1/STK11 gene on 19p is a very common event and might be important in the development of sporadic lung adenocarcinoma. 67 The LKB1/STK11 protein is a serine-threonine kinase whose biological function has not been fully elucidated. Although it was considered that some strange tumor suppressor genes exist on 19p, researches of 19p are rare so far and further researches are needed.
With respect to associations between clinicopathologic parameters and individual chromosomal alterations (gain and loss), losses at 18q were associated with pT category and pathological stage in our series. Several candidate genes on 18q, including DCC (detected in colorectal cancer) (18q21.3), Smad2 (18q21), Smad4 (18q21.1), and bcl2 (18q21.3) have been mapped to this chromosome. LOH at the DCC locus (18q21) is frequently found in gastric cancer. 68, 69 A decreased level of DCC mRNA in gastric cancer is associated not only with the expanding phenotype but also with metastasis to the liver. 70 The expression of Smad4 is a favorable prognostic factor in gastric cancer.
5 Smad4 appears to be the key regulator of the transforming growth factor b signaling pathway and of control transcription driven by this superfamily. Smad2 and DCC have been found to be inactivated in subgroups of colon cancers, [71] [72] [73] and the expression of bcl-2 is associated with a better prognosis in gastric cancer. 74, 75 In this tudy, losses at 18q were associated with pT category and pathological stage in our series. DCC, Smad2, and Smad4 are known as tumor suppressor genes, and loss of these tumor suppressor genes might be associated with the tumor progression, and might play a significant role in carcinogenesis of gastric cancer.
The mean numbers of gains and of total chromosomal alterations were higher in carcinomas with venous invasion (8.44 and 13.28) . Gains at 7p and losses at 4q and 18q were associated with venous invasion. Gains at 7p and losses at 4q were detected by previous studies of gastric cancers by CGH. [76] [77] [78] Candidate genes in these regions might include the gene for EGFR (epidermal growth factor receptor) at 7p12. A study by differential PCR demonstrated amplification of the gene for EGFR in 30% of esophageal adenocarcinomas. 79 And genetic deletions at 4q have been detected in esophageal adenocarcinomas. 80, 81 However, no genes have been implicated in the deletions in 4q region, undiscovered tumor suppressor genes might reside here.
In the association between the number of chromosomal alterations and clinicopathologic factors, the mean number of total chromosomal alterations was significantly lower in grade 3 carcinomas. Although genetic alterations tend to accumulate as the histopathological grade goes up, we found the opposite to be true in our series. There is a greater amount of stroma in grade 3 carcinomas than in grade 1 and grade 2 carcinomas, so it is possible that insufficient quantities of cancer cells were extracted for analysis by CGH from grade 3 carcinomas. The mean number of total chromosomal alterations in our study was significantly lower in scirrhous-type carcinoma than in medullary-and intermediate-type carcinoma.
We analyzed the chromosomal aberrations in 102 primary gastric cancers. The results of the present and previous studies suggest that gains at 20q, 17q, and 8q and losses at 19p and 18q might play an important role in the development and progression of gastric cancer. In particular, gains at 20q, which were the most frequent gains, and losses at 18q, which were associated with clinicopathologic factors (pT category and pathological stage) might be markers of the progression of human adenocarcinomas that include gastric cancer, lung adenocarcinoma, colorectal adenocarcinoma, and others. The relevant genes within these regions remain to be identified and further studies are required to identify these genes and to determine whether genes in these regions of the human genome behave as oncogenes that are important in gastric cancer, as might now be expected.
